Abstract Some studies have assessed the efficacy of influenza vaccination in children separately for moderate-to-severe and any influenza, but the definition used for identifying children with moderate-to-severe illness has not been validated. We analyzed clinical and socioeconomic data from two prospective cohort studies of respiratory infections among children aged ≤13 years (four influenza seasons, 3,416 childseasons of follow-up). We categorized children with laboratory-confirmed influenza into two mutually exclusive groups of moderate-to-severe and mild influenza using the previously proposed criteria. We obtained the data for the analyses from structured medical records filled out by the study physicians and from daily symptom cards filled out by the parents. Of 434 cases of influenza, 217 (50 %) were classified as moderate-to-severe and 217 (50 %) as mild. The mean duration of fever was 4.0 days in children with moderate-to-severe influenza and 3
Introduction
Influenza places a high disease burden on children with respect to annual rates of infection, complications and hospitalizations [1] [2] [3] [4] [5] . The full burden of pediatric influenza extends beyond children themselves, for instance as parental work absenteeism because of child's influenza illness [6] . Children are also considered the main transmitters of influenza in the community [7, 8] . As a consequence, many health authorities and various expert groups in different countries currently recommend influenza vaccination of all children, not just of those with underlying medical conditions [5, [9] [10] [11] .
The clinical presentation of influenza varies between different age groups but also within age groups [12, 13] . Although virtually all children with influenza are febrile, and approximately half of them have fever ≥39.0°C, not all children suffer a clinically severe illness. Although the ultimate aim of influenza vaccination is to prevent all influenza infections, it can be argued that prevention of the most severe forms of influenza would provide the greatest health and economic benefits to children, their families, and the society. However, there are few data to support this argument.
Clinical studies of influenza vaccines have conventionally assessed the efficacy of the vaccines against symptomatic laboratory-confirmed influenza, regardless of the severity of the disease. However, a few trials have determined the efficacy of influenza vaccination in children as a function of illness severity [14, 15] . Recently, it was reported that the efficacy of an inactivated quadrivalent influenza vaccine was higher against moderate-to-severe influenza than against influenza of any severity in children [14] . This finding is intriguing and potentially of great importance for the development of influenza vaccination programs because it suggests that -from both the individual and the societal perspective -the effectiveness of influenza vaccination of children may be greater than previously anticipated. However, it remains to be shown whether the definition used for moderate-to-severe influenza is really meaningful and whether the clinical and socioeconomic outcomes in children with moderate-to-severe influenza are different from those associated with mild influenza. We designed this study to assess and compare various influenza-related health and socioeconomic outcomes between children with moderate-to-severe and mild influenza.
Patients and methods

Study design and subjects
We analyzed all data collected during two prospective cohort studies of respiratory infections among outpatient children in Turku, Finland. In both studies, the children were enrolled in the follow-up cohorts before the start of each respiratory season, and all children were eligible for participation, regardless of any underlying medical conditions. The first study was carried out during two consecutive winter seasons of 2000-2001 and 2001-2002 among children ≤13 years of age, and it comprised 2,231 child-seasons of follow-up [1] . The second study was performed during the influenza seasons of 2007-2008 and 2008-2009 among children 1-3 years of age; this study comprised 1,185 children, 764 of whom were assessed for respiratory symptoms [16] . A proportion of children in the latter study were included in an embedded randomized placebo-controlled trial of oseltamivir treatment; the present analysis included only children who received placebo.
The original studies were approved by the Ethics Committee of the Hospital District of Southwest Finland, and they were conducted in accordance with the Declaration of Helsinki. Written informed consent was obtained from the parents or guardians of all participating children.
Study conduct
In both studies, the parents were asked to bring their child to the study clinic every time the child had fever or signs or symptoms of a respiratory infection. The study clinic was open every day, and all visits were free of charge to the parents. At each visit, the children were examined by a study physician who filled out a structured medical record containing the history, signs and symptoms, clinical findings, and treatment. Chest or sinus radiographs were routinely obtained for all children who were clinically suspected of having pneumonia or sinusitis. Pneumatic otoscopy, tympanometry and spectral-gradient acoustic reflectometry were used for diagnosing acute otitis media [17] . Children without any complications at the first visit were routinely reexamined after 5-7 days and whenever the parents deemed it necessary. The parents were provided with daily symptom diaries (for the entire season in the first study and for 21 days following each visit in the second one). The diaries consisted of daily charts inquiring about the symptoms of the child, the child's absence from day care or school because of respiratory illness, and parental absence from work because of the child's illness. The days of absenteeism included only actual days lost; days of illness occurring during free weekends or other days off were not recorded as causing absenteeism.
Identification of influenza viruses
During each episode of respiratory infection, regardless of the presence of fever or the severity of symptoms, nasal swabs were obtained from a depth of 2-3 cm in the nostril by use of a sterile cotton swab (first study) or flocked swab (second study). Detection of influenza A and B viruses in the specimens was primarily based on viral culture in Madin-Darby canine kidney cells and subsequent immunoperoxidase staining with monoclonal antibodies [18] . In the second study, in addition to viral culture, rapid influenza tests were used at the first visit; nasal swabs were subjected to antigen detection by means of time-resolved fluoroimmunoassay [19] , and all swabs that remained negative for influenza with these methods were further tested with reverse-transcriptase polymerase chain reaction (RT-PCR) assays for influenza A and B viruses. All virologic assays were performed at the Department of Virology, University of Turku, Finland.
Sources of data
We obtained the data for this analysis from the structured medical records filled out by the study physicians at each visit to the study clinic, and from the daily symptom cards filled out by the parents.
Definitions
We divided all children with laboratory-confirmed influenza (either by viral culture, antigen detection, and/or RT-PCR) into two mutually exclusive groups: moderate-to-severe influenza and mild influenza. We identified children with moderate-tosevere influenza using the criteria previously published by Jain et al. [14] : body temperature >39°C, physicianconfirmed acute otitis media, lower respiratory tract illness, or serious extrapulmonary complication. We classified all children who did not meet any of the above criteria as having mild influenza. We defined fever as temperature >37.5°C. When calculating the total duration of illness, we included all days on which the child had fever, rhinitis, or cough.
Study outcomes
We used the following primary outcomes: duration of fever, duration of any symptoms of influenza, antibiotic treatment, proportion of children with parental work absenteeism, duration of parental work absenteeism, proportion of children with absenteeism from day care or school, duration of children's absenteeism from day care or school, referral to emergency department, and hospitalization. We used the proportion of children with moderate-to-severe influenza in association with influenza A and B virus infections as a secondary outcome. In the primary analysis, we compared all outcomes between all children with moderate-to-severe and mild influenza. For a secondary analysis, we predefined all outcomes to be analyzed separately for subgroups of children <3 and ≥3 years of age.
Statistical analysis
We divided the children into the age groups of <3 and ≥3 years on basis of their age on the day when they made their first visit to the study clinic because of influenza. We used the X 2 test for comparing differences in proportions, and the unpaired t-test for comparing differences in means. We considered P values <0.05 to indicate statistical significance. We performed all statistical analyses with StatsDirect, version 2.8.0 (StatsDirect).
Results
Study participants
Of a total of 437 children diagnosed with a virologically confirmed influenza illness, two children were excluded because of confirmed double viral infection and one child because of missing clinical data, leaving 434 children in the final analyses; 152 children (35 %) were <3 years of age and 282 (65 %) were 3-13 years of age. A total of 349 children (80 %) had influenza A (221 children with A/H1N1 and 128 children with A/H3N2) and 73 children (17 %) had influenza B; in 12 (3 %) cases, the virus remained untyped.
Children with moderate-to-severe and mild influenza
Of all 434 cases of influenza, 217 (50 %) were classified as moderate-to-severe and 217 (50 %) as mild. Moderate-tosevere influenza occurred in 100 (66 %) of 152 children <3 years of age and in 117 (41 %) of 282 children 3-13 years of age (Table 1 ). The frequency of moderate-to-severe influenza was significantly higher (64 %) in children with influenza A/H3N2 than in those with A/H1N1 (43 %; P = 0.0002) or B (44 %; P = 0.005) infections.
Among the 217 children with moderate-to-severe influenza, fever >39°C was present in 137 (63 %) children, whereas 80 (37 %) children were classified as moderate-to-severe cases because of acute otitis media or lower respiratory tract infection in the absence of high fever ( Table 2 ). Of the 34 children with lower respiratory tract infection, 18 (53 %) had laryngitis, 8 (24 %) had pneumonia, and 8 (24 %) had expiratory wheezing. None of the children had a serious extrapulmonary complication of influenza.
Antibiotic treatment
Overall, 111 children (51 %) with moderate-to-severe influenza and ten children (5 %) with mild influenza were treated with antibiotics (P <0.0001). Among children <3 years of age, 61 children (61 %) with moderate-to-severe influenza and none with mild influenza received antibiotics (P <0.0001). The corresponding figures in children 3-13 years of age were 50 (43 %) and ten (6 %) respectively (P <0.0001).
Duration of fever and any illness symptoms
Among all children, the mean duration of fever was 0.9 days longer in children with moderate-to-severe influenza (4.0 days) than in those with mild illness (3.1 days; P < 0.0001; Table 3 ). A similar significant difference (3.9 vs 2.9 days; P < 0.0001) was observed among children 3-13 years of age. In the age group <3 years, the mean duration of fever was 4.1 days in children with moderate-to-severe influenza and 3.6 days in those with mild illness (P = 0.17). The total duration of illness was 10.3 days in children with moderate-to-severe influenza and 9.4 days in those with mild disease (P = 0.06; Table 3 ).
Parental work absenteeism
Detailed data on absenteeism were available for 199 children (92 %) with moderate-to-severe and for 193 children (89 %) with mild influenza. Of these, 34 children who were cared for at home (22 children with moderate-to-severe and 12 with mild influenza) were excluded from the analyses of absenteeism. One of the parents had to stay off work for ≥1 day in 103 (58 %) of 177 cases of moderate-to-severe influenza and in 88 (49 %) of 181 cases of mild influenza in children (P = 0.07; Table 4 ). The overall rates of parental work absenteeism were 184 (95 % confidence interval [CI], 153-215) days per 100 children with moderate-to-severe influenza and 135 (95 % CI, 109-161) days per 100 children with mild influenza (P = 0.02; Table 5 ).
Children's absenteeism
A child missed day care or school for ≥1 day in 137 (77 %) of 177 cases of moderate-to-severe influenza and in 133 (73 %) of 181 cases with mild influenza (Table 4) . Among children who were absent for ≥1 day, the mean duration of absence was significantly longer (3.8 days) in children with moderate-tosevere influenza than in those with mild illness (3.2 days; P = 0.003; Table 5 ). The rates of children's own absenteeism were 297 (95 % CI, 261-332) days per 100 children with moderate-to-severe influenza and 233 (95 % CI, 204-261) days per 100 children with mild influenza (P = 0.006).
Referral to emergency department and hospitalization
Three (3 %) of 100 children <3 years of age with moderate-tosevere influenza were referred to the emergency department, and one of them was hospitalized. No referrals or hospitalizations occurred in any other groups of children.
Discussion
Our study demonstrates that the clinical and socioeconomic impact of moderate-to-severe influenza is substantially greater than that of mild influenza. Children with moderate-to-severe illness had a significantly longer duration of fever, and they received antibiotic treatment more frequently than children with mild influenza. Per every 100 children with influenza, the parents of children with moderate-to-severe illness lost approximately 50 more days of work than the parents of children with mild influenza, and an even greater difference was AOM acute otitis media, LRTI lower respiratory tract infection. Data are number (%) of children observed with respect to the children's own absenteeism from day care or school between the groups. To our knowledge, this is the first clinical study to assess various health and socioeconomic outcomes in children with influenza as a function of the severity of the illness. Our analyses were based on real-life data collected during prospective studies of children who were enrolled in the follow-up cohorts without using any exclusion criteria, whereby the children represented the normal pediatric population in the community. Furthermore, we obtained specimens for the detection of influenza viruses during each episode of respiratory illness, regardless of the severity of symptoms, which prevented any potential bias due to sampling, for example only children with more severe illnesses.
At first glance, our finding that the clinical and socioeconomic impact of moderate-to-severe influenza was higher than that of mild influenza may sound circular reasoning and trivial because many people might assume that this is obviously the case. However, there are no data to demonstrate that, for example, children initially presenting with high fever would automatically have a longer duration of illness or that their parents would lose more days of work. It is also important to emphasize that our study did not attempt to define the criteria for a severe influenza, but the purpose of our study was to assess and validate the criteria that were previously published by others and that were used for determining the efficacy of influenza vaccines separately for moderate-to-severe and mild influenza in children [14, 15] . If the outcome of our analysis had been that the real-life impact of moderate-tosevere and mild influenza was similar, the conclusion would have been that categorization of children into these groups was arbitrary and that calculation of vaccine efficacy separately against milder and more severe forms of the disease would have no value from the viewpoint of the development of influenza vaccination programs.
Two recent studies have analyzed the efficacy of influenza vaccination in children according to illness severity. Jain et al. [14] reported that the efficacy of an inactivated quadrivalent [15] assessed the efficacy of live attenuated influenza vaccine in children 2-5 years of age during two consecutive seasons and found no differences in vaccine efficacy between children with moderate-to-severe (88.5-95.4 %) and milder illnesses (84.2-91.4 %). In our study, several outcomes were significantly different between the moderate-to-severe and mild groups in the primary analysis that included all children, but not when analyzed separately for children <3 years of age. This could be partly explained by reduced power due to smaller numbers of children in the subgroup analyses. However, because the signs and symptoms of influenza vary between different age groups [12] , it is possible that alternative definitions of moderate-tosevere illness could work better for identifying young children in whom the clinical and socioeconomic consequences of influenza are more extensive.
Because children are the main disseminators of influenza viruses in the community [7, 8] , prevention of even the milder illnesses in children would be important for reducing the transmission of influenza to other age groups, e.g., to the vulnerable elderly population. However, it is without doubt that the more severe cases of pediatric influenza place the greatest burden on the children and their families, and prevention of these illnesses would be most beneficial from the clinical, social, and economic perspectives. Prevention of influenza is particularly important but also challenging for the youngest children, in whom the clinical presentation of influenza is most severe and the rates of influenza-associated complications and hospitalizations are highest [1, 5, 12, 20] . Although the relative efficacy of inactivated versus live attenuated influenza vaccines has been a topic for discussion during the past seasons [21, 22] , it is good to notice that the inactivated vaccine is the only option for use in children <2 years of age.
In conclusion, our study shows that categorization of influenza infections in children into milder and more severe forms of the illness is meaningful and enables identification of children in whom the overall clinical and socioeconomic burden of influenza is greatest. The approach of assessing vaccine efficacy separately against all versus severe illnesses has already been used for some vaccines, e.g., varicella and rotavirus vaccines, for which the highest effectiveness has been demonstrated against the most severe forms of the illnesses [23] [24] [25] . Although the definition of moderate-to-severe influenza may still be subject to further improvement, our results strongly support the inclusion of illness severity as a key factor in future studies assessing the effectiveness of influenza vaccination in children.
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